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the lower levels is not accumulative, but instead becomes 
less and less with increasing altitude. In  general the 
percentage of error in the computed velocities is prac- 
tically the same as that in the assumed altitudes. This 
is true, however, only when the ercentage of error in 
the assumed altitudes does not c ange material1 from 
minute to minute as is the case in the higher leve s. 

Special efforts have been made to determine to what 
altitude our balloons will mend.  As a rule the obser- 
vations that reached considerable altitudes ended be- 
cause of the burst' of balloons, or &a pearance on 

found where there was convinc' evidence that the 
balloon reached a state of equi Y ibrium and floated. 
This is not in accord with the results obtained by British 
investigators.e Our conclusions are based on more than 
800 two-theodolite observations, of which more than 50 
reached above 10,000 meters in altitude and 1 to an 
altitude of appmxmately 15,500 meters. 

T R 

account of distance3aziness or clouds. d o cases were 

CONCLZTSIONS 

1. Although the ascensional rate of balloons is not 
constant, as has been assumed, there is striking agree- 
ment between the assumed and actual heights up to 
moderate altitudes. In  the higher levels the eement 
is not so close, however. At an altitude "$ o 15,000 
meters the assumed height is approximately 5 per cent 
below the actual altitude. 

2. In  individual observations the actual heights at 
about the 2,000-meter level are within 10 per cent of 
the assumed in approximately three-fourths of the cases. 
Observations taken in the early morning hours before 
convection sets in are within 10 per cent of correct in 
practically d cases. 

3. At moderate heights from 2,000 to 10,OOO meters 
the aecurac is still greater, since convection is absent 

verg close, as a rule, to the assumed rate. 
4. Convection appreciably affects the ascensional rate 

only in the lower levels-below 1,500 or 2,000 meters. 
The effects are neghgible in the early morning hours. 

5. The balloons continue to ascend at the ordinary 
rate until they either burst, or disappear on account of 
distance, cloudiness, etc. No cases were found in which 
the balloon reached B state of equilibrium and floated. 
It is worthy of note SJSO that only two or three balloons 
showed'evidence of a slow leak caused by pinholes. 

6. As to what takes place above 16,000 meters, we 
have at present no information. It seems likely, though, 
that the best balloons continue to rise to perhaps 2 0 , O  
meters or more, and that the rate of ascent continues to 
increase. 

Acknowledgment is due to Mr. W. R. Gregg for 
valuable suggestions and to Mr. Edgar W. Woolard for 
aid in the mathematical portion of the paper. 

and the b 9 loons ascend at essentially a constant rate 

c..-/.574 7Y41 
THE PROBABILITY ~ F ~ C E R T A I N  M I N I M U M  TEMPERA- 

T U R E S  I N  T H E  S A N T A  CLARA VALLEY, CALIFORNIA 
IN S P R I N G  

By EEEK S. NICHOLS, Meteorologist 
[Weather Bursau mea, Sen Jose, Cdifornh, March 15,19241 

The average daily minimum temperature, based on 
17-yeers' records at the Weather Bureau office in San 
Jose, Calif., is 42.1' for the month of March, 43.7' for 

6 Johmn, N. K.. Quar. Jour. Roy. Met'l Sor., Val. XLVII, p. 49. 

April, and 45.9' for May. 
during the entire period is 30'; 
May, 35'. On the average, 
March has a minimum of 32' or 
considered; and that minimum 
any day in A ril or May durin the 17-year period. 

or very severe 
frost in spring is Februar 11; and t f e  latest IS March 

cient to dam e tender vegetation considerably, occur 
in A iil and gay. Some frost occurs in May in nearly 

The above paragraph contains such minimum temper* 
ture and frost data as are usually given in climatological 
articles. For many purposes, notably in connection 
with studies of damage to fruit by low temperatures 
and protection from such damage, more detailed knowl- 
edge of the occurrence of low temperatures of different 

ees is desired; not only for San Jose but also for 

thereof. This article is written for 
the purpose of su plying such additional information. 
Also, a method o P increasing the usefulness of a, short 
t,emperature record taken near a station having a long 
record is illustrated. 

The lowest recorded in March 

The average a ate of the last ki P lin 

31. However, frosts of 9 ess severity, sometimes SUE- 

one- % alf of the years. 

Santa Clara Valley, particularly in 

FREQUENCIES OF CERTAIN TEMPERATURES AT SAN JOSE 

The first ste, taken in this stud was to determine 

inclusive) throughout the 17 years of record at San Jose 
havin each minimum temperature from the lowest re- 

ginnin with the lowest, progressive sums were taken, so 

mometer fell to or below each temperature considered. 
Dividing these sums by 17, carrying the divisions to 
tenths, gives the numbers in the second column of Table 
1, the average numbers of clays during the first half of 
March with each minimum temperature or lower. Thus, 
there is an average of 0.1 day per year, or 1 day in 10 

ears, with a minimum of 30' or lower in the first half of 
%arch; with 32' or lower the number is 0.8, or 8 days 
in 10 ears. Similar data were obtained for the second 
half oTMarch (16th to 31st, inclusive), the two halves of 
April, and the first 15 da s of Mav, all of which figures 

Table 1. 

the number of d ays in the first half o P March (1st to Ifith, 

corde f up to 45', in whole degree intervals. Then be- 

as to s a ow the total number of days on which the ther- 

are entered in the thir B and subsequent columns of 

slow decrease 

March. 
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MINIMUM TEMPERATURE RECORDS IN ORCHARD DISTRICTS RELATIONS BETWEEN MINIMUM TEMPERATURES AT SAN 
JOSE AND THOSE AT SUBSTATIONS 

To determine temperatures in owhard districts, par- 
ticularly minima, special stations have been maintained 
at a number of places in tmhe Santlt Clara Valley during 
the springs of 1922 and 1923. The period of observation 

Considering, in general, only mornings on which the 
Snn dose miiiimum was 40’ or lower, from March 1 to 
May 15 of 1922 and 1923, the two springs with substa- 

tion records, I subtracted each mini- 
mum for each substation from the 
corres onding data for San Jose. 

tion, numbers of cases in which the 
differences were positive, negative, 
and zero, t.he sums of both the posi- 
tive and the negative diff erences sep- 
arately the average difference, and 
the &Lest and lowest differences 

The first 14 stations listed in this 
table were in operation during both 
springs of record. Following are 6 
additional stations that were main- 
tained during only one season, or a 
portion thereof; means axe of course 
not so reliable as in the cases of the 
longer records. Also, at the bottom 
of the table are data for three 
cooperating stations located in orch- 
ard districts and equi ped with the 
ordinary louvered s R elters. The 
rdative locations of the stations.are 
shown on the accompanyin map, 
Figure 2. Also, their di tudes 
above sea level, taken generally 
from U. S. Geological Surve topo- 
gra hic maps, are given in d b l e  Z; 
an B a brief description of the topo- 
graphy of the district is contained 
in m paper entitled “Climate of 
San Jose, California.”* In all ex- 
cept two stations, one on each side 
of the valle in the foothills, the 
mean and t x e most frequent differ- 
ences are negative; that is, the low 
minimum temperatures at  the time 
of ear we are considering average 
and  are usually lower at  the out- 
side stations than at San Jose. 
Also, differences for the seivpd sta- 
tions vary considerably. Several 
reasons may be mentioned as ac- 
counting for these differences, et+ 
peciallg the followina;. Topography; 
distance from 8an ranc1sc.o Bay; 
the fact that the San Jose tmhemo- 
met,ers are exposed at  a height of 
12 feet above ground, whereas the 
ot-hers are at about the &foot eleva- 
tion; the slight effect of the city in 
raising the minimum at, the ,oentral 
station; and the fact that the special 
station thermometers were exposed 
in shelters of somewhat more open 

FIG. l.-Average number of days with certain minimum tampemtures during certain periods in spring, San Jm, Calif. ty e than those at  San Jose and the 

frequencies of various temperatures throughout the val- Further, I plotted on cross-section paper the relations 
ley as we have done in the case of San Jose. But we may between San Jose minimum temperature and the sub- 

In Ta E le 2 are entered, for each sta- 

is not sufficiently long to enable us to find directly the three stations listed a t  t Y l  e bottom of Table 2. 

the robable uency by an indirect 
.IS c m b  of &, JM, cdws,’B M o ~ m ~ y  WEATHER REV., OCtObEr, 1023,61:W met K od, whici is followed % elow. 515. 
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30°0r lower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a 1 
~ P O ~ I O W W  .________._______________________ a 2  
320orlower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a8 
33"orlower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.2 
34°0rlower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.8 
35°0rlow~r .________________________________ 2 4  
3ri00rlover _..________._.___ ~ _.__.____..____ 3.2 

station differences for the cases used in working up 
Table 2, minimum temperatures as abscissas and differ- 
ences as ordinates, one chart for each station, and drew 
free-hand lines of best fit. These dot c1iart.s show a 
general tendency toward decrease of difference and de- 
crease in variabllity of difference with decrease of niini- 
mum temperature, (Charts not included herewith, for 
lack of spttce) . 

PROBABILJTT OF LOW MINIMVM TEMPERATLTRES AT 
SUBST.4TIONS 

0 0 0 0 
0.1 o n u 
a3 0 0 n 
a4 a 3  a 2  0 
1.0 a 4  a 4  0 
1.5 a8 a6 11.1 
21 1.5 a9 a3 

Now, if a certain minimum temperature at  San Jose 
is, on the average, accompanied by a minimum a certain 
number of degrees lower at  a given substation in trhe 
vicinity, this lower temperature is approxinlately as 
fre uent at the substation as t,he higher temperataure is 
at 1 an Jose. We may, then, use the San Jose frequency 
curves of Figure 1 to determine the frecuencies at  the 

figure. Or, better, the c\fference to be applied may be 
modified in accordance with the dot-chart of differences 
for the particular substation considered. This method 
has been followed in obtainin t.he probable frequency 

during the five semimonthly periods considered herein. 
Result,s are ent.cred in Table 3 after niult.iplving the 
frequency numbers by 10 to show the probabilit.ics 
dunng a decade. 

substation b applying the roper mean d ifference, from 
Table 2, to t K e numberin o B the t,emperature lines of the 

of each low temperature at, eac F i station listed in Table 1 

USE OF RESULTS 

From Table 3 an orchardist located in the vicinity 
of one of our stations may decide whether it will pay him 
to prepare to protect his fruit from daiiia e by low tem- 

and he knows that his fruit will not be in a condition to be 
clama ecl by a tem era.ture of 31' until after the middle of 

quent that it would not pa.y him to prepare. But if he 
lives at Willow Glen and his fruit would be seriously 
injured by 35' after the middle of March it would proba- 
bly ay him to install orchard-heating equi ment. 

difference charts a.re of inest,imable value in forecasting 
niininiuni teniperatures in the valley. Bccording to thc 
method used the Smi Jose minimum is estimated first, 
then the probable su1)staDion mininia are predictcd. 
The cha.rts m e  art.ic.ularly usefiil : for from them the 

but also, by noting the reln.tive scattering of the dots 
at t.he several stations and in the pa.rt of t,he temperature 
scale in use at  any part-iculnr time, the dependence that 
n1a.y be placed upon the. estimated diffcrenaes. 

Although the period of subs tation record used covers 
only two seasons in any case, it  is bclievecl by the writrr 

peratures in spring. For instance, if he f ives at  Loyola 

Marc E , our table s R ows that such temperature is so infre- 

T%e difference data of Table 2 and t K e substation 

forecaster can o E t,ain not only t,lic proha.ble difference, 

Bt.;il.icliis 

. . __ . __ _. .- 
San Juse _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Rrrryessa ____._________ 
Toyon Avenue _.__. _ _ _ _  
Evergreen.. . . . . . . . . . . . - 
McKinley _____._...._._ 
Oak Grove .____________ 
Valley View _ _ _ _ _ _ _  ._.__ 
Willow Glen __._____.__ 
H am I1 t o n  Avcnue 

(Campbell) .._.__..._ 
Winchester aiid I'ninr 

Ridge ____. . __. . . . .. .. 
hlorcland _________._... 
Cnprrtino.. - - - - -. . . . . -. 
IAOyOlS _.__._.___._..... 
Sunnyvale __________._.  
Pomeroy ____________.__ 
Midway (1923 _ _ _ _ _ _ _ _ _  
Mountain View Jiiric- 

tiou (19% only) ____.__ 
Vasona Junction (IY.23 

only).. ___. . . -. - __. _ _  - 
Pioneer (1923) ._________ 
soubh r:oyoi.o I 183 

OUlY) __________.___.. . 
J a p h  Ranch lperl 

19%) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Manta (.'lam _ _ _ _ _ _ _ _ _ _ _ _  
La. G a m .  _...___. ... _ _  
Mountain View (&wid- 

iiniis h i i t  stalion) -... 

that increased amount of data will not change the 
probable frequency number greatly; for by the method 
used t.he short substation record has been connected up 
wit.h a record of considerable length made in the imme- 
diate vicinity. 

'FABLE 1 .-Frequetbcics of ccrlain niift i t ibii i t i  teiir~~e~uliires in spring 
at Sat& Joae, Calif. 

.4 Ili- 
tuder. 

feet 
above 

sea 
level 

95 
I25 
250 
235 
155 
185 
I70 
150 

180 

1% 
I'd0 
'265 
210 
120 
100 

2.5 

130 

26 
240 

'm 

80 
475 

9(1 

- 

urn 

3linimum temperatures 

Averagc number of days yearly with 
given minimum temperature in- 

I First Second First Second First 1 March March ' April April May 
hdf 1 half j half I half 1 half 

TABLE 2.-L%fferetices betuieeii niiniunittti lettiperatiires at Sat1 Jose 
atid eorreapotiding minima at substatdotis oti cerlain dales i t c  1832 
nlLd 1933 

Cumber of caws 

- 

+ 
- 

_ _ _ _  
0 

16 
4 
0 
0 
0 
0 

0 

1 
0 
7 

11 
2 
1 
2 

1 

2 
3 

3 

15 
1 
40 

1 
- 

- 

0 

- 
1 

16 
2 
1 
1 
0 
0 

0 

0 
3 

11 
12 
2 
0 
1 

2 

I 
1 

0 

I) u 
4 

3 
- 

Told 
differcnws 
- 
+ 
- 
_ _ _ _  
0 

43.5 
45 
0 
0 
0 
0 

0 

0.5 
0 

I4 
12 5 
4 
1 
7 

2 

3 
17 

2 

MI 
3 

I21 

3 
- 

- 
- 
- 
. -. - - - . 
1R8 
72 
m 
287 
301 
m. 5 
360 

%7 

249 
250 
109 
83.5 

346 
301 
56 

130 

I 
86 

125 

15 
113 
30 

171 

- 

Meau 
differ- 
ences 

- 
.-._.. 
-3. 1 
-0.5 
-3.3 
-4.7 
-4.9 
-4.0 
-5.9 

-4.8 

-4. 1 
-4. 1 
-1.8 
-1.2 
-4.0 
-4.9 
-2 6 

-1.4 

-1.8 
-2 5 

-4.5 

+2 7 
-2 3 
+I. 5 

-2 8 

Range of 
differences 

Eigh. 
ast 

_-- -_ 
0 

+8 

0 
-a 5 
-2 

-1 

+o. 5 
0 

+7 +a 
+3 
+I 
+4 

+2 

$1 
+x 
+1 

t 10 
+3 
t l l  

+Y 

+; 5 

- 
LOW- 
est 
- 
_ _ _ _ _  
- I  

-7 
-11 
-12 
-14.5 
-8 
- 10 

-10 

-12 
-8 
-8 
-7.5 
-13 
-9.5 
-6 

-13 

-7 
-7 

- 10 

--(i 
-8 
-4  

-12 
- 
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TABLE 3.-Prokble numbers of dags i n  10 years with certain 
minimum temperdurea, or &I~W, d certain stations i n  the Sarhta 
Clara V&g, Calif., during certain periods in .spring 

~ ~~ ~- 

Prohahb numbers of times In 10 years the 
folloalng temperatures will be cqualcd or 
cXce8de.d Btaliom mud periods - 

P O  

- 
I 
2 
1 
1 
__. 

__. 
-.. 
_.. 
__. 
-.. 
8 
3 
1 
1 

12 
5 
3 
2 

11 
4 
2 
2 

8 
3 
1 
1 

22 
12 
7 
5 
1 

10 
4 
2 
1 

10 
4 
2 
1 

__. 

_ _  

.-_ 

.-_ .__ 

.._ 

.__ 

._- 

._- .-_ .-_ 
7 
2 
1 
1 

11 
4 
2 
2 

3 
1 

.-_ 

.__ 

.__ .__ .-- 
17 
9 
5 
4 

1 
.-- .-- .-- ..- 

- 
Do 

12 
5 
3 
2 

1 

13 
6 
3 
2 

18 
9 
5 
4 

17 
9 
5 
4 

I4 
7 
3 
2 

31 

15 
9 
3 

15 
8 
4 
3 

17 
9 
5 
4 

1 

... 

._ 

._ 

m 

- _  

- _  

- _  
- _  
- _  - _  
._ 
- _  _ _  _ _  
- _  
11 
5 
3 
2 

17 
(I 
5 
4 

7 
2 
1 

- -  

-_  

- -  -_  
ai 
14 
9 
6 
1 

3 
1 - -  - _  - _  

- 
11' 
- 

18 
9 
5 
4 

3 
1 

--. 

1Y 
10 
6 
4 

24 
15 
9 
6 
1 

24 
14 
9 
6 
1 

22 
12 
7 
5 
1 

43 
2a 
a3 
14 
7 

22 
12 
7 
5 
1 

2.4 
14 
9 
6 
1 

4 
1 

.._ .__ .__ 
1 .__ 

.__ .-- .-- 
I8 

5 
4 

24 
14 
9 
6 
1 

19 
5 
2 
1 

31 
#I 
15 
g 

'I 

1 

i o  

_-- 

.-- 

a 

a 
_- -  .-- 

- 

2.4 
14 
9 
6 
1 

7 
I 
1 
1 

26 
15 
IO 
6 
1 

33 
11 
16 
9 
3 

32 m 
15 
0 
2 

31 
19 
14 
9 
2 

55 
30 aa 
21 
15 

30 
19 
14 
8 
3 

31 

15 
(I 

10 
I 
2 
1 

m 

a 

_. 

6 
2 
1 _ _  - -  

27 
17 
11 

1 

24 
15 

g 
1 

18 
g 
5 
4 

39 
a8 
21 
12 

12 
5 
3 
1 

m 

a2 

_ -  

m 

_ _  

- 
30 

11 

15 
9 
2 

12 
5 
3 
2 

38 
a1 
I6 
9 
3 

12 
28 
2.3 
I4 
7 

40 aa 
11 
12 
6 

41 
2 i  
P 
13 
6 

88 
40 

36 
27 

3g 

21 
12 
8 

3u 
25 
21 
12 

17 
9 
G 
4 

m 

._ 

42 

m 

a 

_ _  
11 

4 
2 
2 

36 

18 
11 

4 

43 
E 
23 
14 
1 

24 
14 

fl 
f 
1 

I 
3: 
2i 
11 
11 

IS 
B 
5 
4 

- _  

m 

_ -  

- 

39 
?a 
21 
12 
6 

I8 
IO 
5 
4 

I 1  
27 
22 
13 
7 

54 
a5 
31 
21 
15 

49 
32 
27 
17 
11 

52 
35 s 
14 

79 
65 

17 
36 

4g 
32 

17 
11 

4% 
31 
27 
1; 
11 

24 
14 

5 
t 
I 

1; 

4 

4b 
32 
2; 
li 
11 

5t 
3t 
31 
21 
1: 

32 
aE 
1: 
! 
: 

56 
31 
34 
3 
16 

24 
14 
6 
t 
1 

_ _  

m 

sa 

n 

t 
_. 

- 
:o 

49 
32 
27 
1; 
11 

24 
15 
0 
G 
1 

51 
33 
29 
19 
12 

8 
49 
42 
35 
27 

58 
39 
34 
2A 
18 

fa 
45 
38 
30 
23 

#.I 
i s  
62 
57 
4s 

58 
3Y 
34 
24 
16 

5s 
39 
34 
31 
18 

31 
20 
15 
9 
2 

24 
14 

I 
ti 
1 

62 
43 
37 
2!l 
21 

w 
4Y 
42 
35 
27 

39 
25 
?I 
12 
fj 

(it) 
50 
42 
35 
27 

31 

15 
9 
2 

a0 

TABLE 3.-Probable numbers of clays in 10 pears wilh certain 
nrinirnunr temperatures, or lower, at cwtain atdioibs in  the Santa 
Clara Valley, Calif., during certain periods in spring-Continued 

' Yrobablc numbers of times in 10 years the 
following tcmpratures will bo equaled or 1 exceeded 

S l a t h i s  and irriods 

- 
12 
5 
3 
2 

7 
2 
1 
1 

.-. 

2 
1 
1 

- _  

7 
2 
1 
1 

- 
FOREST FIRES A N D  STORM M O V E M E N T ~  

By E. F. MCCARTHY, Si1;iculturist 

(Appalachian Forest Enperiment St.ation, V. 8. Forest Service] 

-4 study of weather i n  relation to forest-fire hazard 
was carried on during the usual fire season from October 
15 t.0 Noreniber 30, 1923. Weather data were obtained 
from the United States Weat.lier Bureau station at 
Asheville, N. C., and fire records from the national 
forests of western North Carolina and eastern Tennessee, 
and from t.he district fire warden for the mountain 
district of North Carolina. 

While t$e pur ose was to determine t.lie feasibility of 

advance, tEe data collected have made possible the 
conipariso1i of the current season with the fall season 
of 1922, for which records were obtained last year.a 

In  the fall of 1932 a season of severe forest fire hazard 
was experienced throughout t.ho Southeni A palachians 

her. The fire season of 1923 was of iiiuch shorter 
duration and of mediuni sevsritp for about 15 da . 
c h r  the valuo of weather infornwhon RS a factor in fire 

predicting erio x s of fire hazard two or more days in 

froni the last week in October to about tho c m  P of Novem- 

A detailed discussion of t,hese two seasohs wdl ma T e 

protection. 
Before entering a cliscussicin of weat,har it  should be 

known that fdl  fires in t.his region are fed largely by 
lcaf litter of the current year and only minor f h s  cah 
occur until the leaves are down in quantity and dry 
enough to create fuel for a fire. 

In 1922 a dry period through September and early 
October was followed, beginning October 5, by heavy - 

1 Presented at the meeting of tho Society of AmwleRn Foresters. Baltimore, Md., 

2 "Forest Flre Weatller in the Southern AppalWhi8It3," Mo. WEATEEE REV.. April, 
Dec. 28,1923. 

1923, SI; la--185. 


